Background. In sub-Saharan Africa, 112 million people are infected with Schistosoma haematobium, with the most intense infections in children 5-15 years old.
Improving the health of school-aged children, particularly in developing countries, has emerged as a policy priority in international health [1, 2] . Over the past 2 decades, significant progress has been made in improving child survival, resulting in more children reaching primary school age. However, human infections with 1 of the 5 parasitic helminths of the family Schis- +++, % 20.6 21.4
NOTE. Anemia was defined (according to World Health Organization guidelines) as a hemoglobin concentration
!11.5 g/dL for children 5-11 years old and !12.0 g/dL for children 12-14 years old. Wasting denotes reduced body weight for height, defined as a body-mass-index z score less than Ϫ2. Stunted denotes reduced body length in relation to a reference standard, defined as a height-for-age z score less than Ϫ2. +, weakly positive; ++, moderately positive; +++, highly positive; epg, eggs per gram of feces.
these SCI-supported control programs is to achieve, and hence also to demonstrate, a quantifiable reduction in schistosomeassociated morbidity as a consequence of chemotherapeutic intervention.
The aim of the present study was to evaluate the relationship between Schistosoma haematobium infection and associated morbidity in children before and after the large-scale administration of praziquantel and albendazole (against soil-transmitted helminths) by the national Burkinabé helminth control program. A secondary aim was to identify those individuals whom one may predict to show the greatest improvements in nutritional status and hemoglobin (Hb) concentrations after chemotherapy.
SUBJECTS AND METHODS
Control program, study sites, sampling, and cohort design. Both Schistosoma mansoni and S. haematobium are endemic throughout Burkina Faso [13] . The SCI-supported schistosomiasis control program was implemented during 2004 and had treated 3,322,564 school-aged children in the 13 regions of the country through October 2006. Further details about the national Burkinabé helminth control program have been described elsewhere [14] .
For the present study, parasitological and morbidity data were collected from a cohort of 1727 Burkinabé children 6-14 years old, randomly sampled from 16 schools before and 1 year after chemotherapy (2004 and 2005, respectively) . The schools included in these surveys were randomly selected from all schools in 4 Regional Health Directorates known a priori to be places where schistosomiasis is highly endemic. Details concerning sample-size calculations and cohort design have been described elsewhere [15, 16] .
Parasitological and morbidity measures. All children enrolled in the study were interviewed by appropriately trained personnel at the Ministry of Health, Burkina Faso. Ethical clearance was obtained from the Ministry of Health and Imperial College London.
Stool examination. A single stool sample was collected from each child, and 41.7 mg was processed to make duplicate Kato-Katz slides for microscopic determination of intestinal helminth infection. Individual egg output was expressed as eggs NOTE. Data are means or proportions (95% confidence interval) of children with characteristic, unless otherwise indicated. Sample sizes are provided in parentheses for each examined outcome in the left-hand column. Anemia was defined (according to World Health Organization guidelines) as a hemoglobin concentration !11.5 g/dL for children 5-11 years old and !12.0 g/dL for children 12-14 years old. Wasting denotes reduced body weight for height, defined as a body-mass-index z score less than Ϫ2. Stunted denotes reduced body length in relation to a reference standard, defined as a height-for-age z score less than Ϫ2. +, weakly positive; ++, moderately positive; +++, highly positive; epg, eggs per gram of feces.
per gram of feces, calculated as the arithmetic mean of the 2 individual slide counts whenever these were available.
Urine examination. One urine specimen was collected from each child to determine the prevalence and intensity of S. haematobium infection by the filtration method. The intensity of S. haematobium infection was expressed as the number of eggs per 10 mL of urine. To determine the presence and severity of microhematuria, all urine specimens were tested for presence of detectable blood using urine reagent strips (Bayer Hemastix). The results were recorded semiquantitatively: negative, trace hemolyzed, weakly positive (+), moderately positive (++), and highly positive (+++).
Nutritional assessment. Heights and weights were measured to determine height-for-age z scores (HAZ) and bodymass-index z scores (BMIZ). All measures were obtained using height poles and electronic balances in the morning, and children were barefoot, wearing only light indoor clothing. A low BMIZ is the index of choice for the assessment of recent undernutrition resulting in thinness or wasting, whereas a low HAZ represents long-term growth and nutritional status resulting in shortness or stunting [17, 18] . z scores for each nutritional index were calculated from Centre for Disease Control (National Center for Health Statistics; year 2000) reference values using EpiInfo (version 2000; US Centers for Disease Control and Prevention) [19] .
Anemia assessment. Blood samples for Hb concentrations were obtained from each individual by the fingerprick method using a photometer (Hemocue) [20] . Anemia was defined according to World Health Organization (WHO) guidelines [21] .
Statistical analyses. Differences between dropouts and children successfully followed up were tested by univariate analysis using a Wilcoxon 2-sample test for means and a x 2 test or Fisher's exact test if there was a small value for proportions. SAS software was used (version 8; SAS Institute).
Hierarchical models are often applicable to modeling data from complex surveys of a population, with a hierarchical structure used to explain relations between individual and supraindividual determinants. A 2-level linear hierarchical model assuming normally distributed errors was fitted to the logarithmically transformed baseline S. haematobium egg counts , using Gibbs sampling for all parameters [22] to (ln [x + 1]) quantify any associations with anemia, measures of nutritional NOTE. Anemia was defined (according to World Health Organization guidelines) as a hemoglobin concentration !11.5 g/dL for children 5-11 years old and !12.0 g/dL for children 12-14 years old. Wasting denotes reduced body weight for height, defined as a body-mass-index z score less than Ϫ2. Stunting denotes reduced body length in relation to a reference standard, defined as a height-for-age z score less than Ϫ2. +, weakly positive; ++, moderately positive; +++, highly positive; CI, confidence interval.
status, and microhematuria while adjusting at the same time for demographic factors such as age and sex. In this way, we tested whether children with pathology potentially induced by S. haematobium infection had higher S. haematobium egg counts before treatment. We used a similar model to quantify changes in S. haematobium egg counts from baseline to 1 year of follow-up. Mlwin software (version 2.01; Multilevel Models Project, Institute of Education, University of London) was used. Box plots of the S. haematobium egg counts at baseline were used for validation and comparison of the significant findings from the model described above. Changes in Hb concentration and in HAZ and BMIZ scores over time were evaluated using 2-level linear hierarchical models of raw change scores between baseline and the 1-year followup time point. With this approach, we aimed to compare the average change in each of the studied outcomes over the studied period between different groups of children. All of the models presented were also adjusted for age and sex.
was con-P ! .05 sidered to be significant. An additional 3-level hierarchical linear modeling analysis was performed to determine any change in the children's Hb concentrations. With this model, we aimed to quantify the adjusted overall change in Hb concentration from baseline to follow-up and to quantify average Hb concentrations of different groups of children at baseline as well as to examine whether the intensity of S. haematobium infection was associated with lower Hb concentrations. Logistic random-intercepts regression models were fitted to examine whether the intensity of S. haematobium infection was associated with an increased risk of thinness and shortness at baseline while adjusting for potential confounders.
RESULTS
A total of 1727 children from 16 schools were recruited at baseline. Of these, 1131 (65%) were successfully retraced at the 1-year follow-up time point, and 321 new children were recruited into the cohort during the second year of the study (data not shown). There were significant differences between the children who were successfully followed up and the dropouts, according to their demographic characteristics and nutritional status as defined by baseline thinness and shortness as well as by baseline Hb concentrations (table 1). The children who dropped out were of an older mean age than those successfully followed up, and boys proved more difficult to recruit into the cohort during the second year of the study. All children who dropped out were wasted and stunted at baseline and had slightly higher mean Hb concentrations. No other baseline characteristic measured varied significantly between children followed up and those who dropped out. Table 2 presents the health indicators of children surveyed at baseline and successfully followed up 1 year after treatment. During the 12 months between examinations, the overall prevalences of S. haematobium, S. mansoni, and hookworm infections decreased significantly ( ). For both years ex-P ! .001 amined, Ascaris lumbricoides infection was absent, and the prevalence of Trichuris trichura infection was estimated to be 1.1% at baseline and totally absent 1 year later. Because prevalences and coinfections with S. haematobium were so low for the intestinal helminth species at both time points, such data were not analyzed further here.
A significant increase in mean Hb concentration ( ) P ! .001 and a significant decrease in the prevalence of anemia (P p ) were also observed between 2004 and 2005. Finally, the .021 unadjusted observed changes in both recent and chronic undernutrition from baseline to follow-up were not significant ( and , respectively). P p .135 P p .093 Table 3 presents the results of the model of the change in S. haematobium egg counts for 1 year after treatment as well as differences in S. haematobium egg counts between different groups of children at baseline. This model indicated that, compared with baseline counts, there was on average an overall significant decrease in S. haematobium egg counts by 52% 1 year after treatment ( ). At baseline, only children 10 P ! .001 and 12 years old had significantly higher S. haematobium egg counts, compared with those who were 14 years old (P p and , respectively) after controlling for sex, nu-.035 P p .007 tritional and anemia status, and microhematuria test scores. Children with +++, ++, +, and trace microhematuria scores had on average significantly higher S. haematobium egg counts than those of children with negative scores at baseline, by 4107%, 1470%, 462%, and 242%, respectively. Additionally, children with anemia at baseline had significantly higher S. haematobium egg counts (by 11%) than children without anemia ( ). Boys also had significantly higher S. haema-P p .026 tobium egg counts (by 11%) than girls at baseline ( ). P p .020 Figure 1A shows that children with the most severe microhematuria scores harbored higher intensities of S. haematobium infection than children who were negative for microhematuria at baseline. Children with anemia at baseline also harbored slightly higher intensities of S. haematobium infection than those without anemia ( figure 1B) .
Results from the 2-level logistic regression model for the probability of being wasted did not suggest associations with any baseline characteristics examined other than age. In particular, there was a trend toward younger children being less likely to be wasted, although none of the other odds ratios (ORs), except for those for 10-year-old children, were significantly different from the ORs for 14-year-old children (P p ). Furthermore, the 2-level logistic regression model of the .022 probability of being stunted at baseline suggested a trend toward younger children being less likely to be stunted; the OR for 6-12-year-old children was significantly different from that for 14-year-olds. In addition, children with anemia were almost 1.5 times more likely than those without anemia to be stunted at baseline ( ; data not shown). P p .034 Table 4 contains estimates from the two 2-level linear multilevel models for changes in HAZ and BMIZ during the period studied. The effect for the 14-year-old comparison group was a decrease in BMIZ of 0.519 units, which was of borderline significance (
). This suggests that there was no dra-P p .053 matic change over the period studied in this group. However, children who were 7, 8, and 10 years old at baseline had a greater decrease in BMIZ, compared with 14-year-olds. The coefficients of the continuous variables that refer to the baseline HAZ and BMIZ scores indicated that BMIZ increased for wasted children, whereas, BMIZ decreased for stunted children more than that of children with no nutritional problems. These results can be obtained if one multiplies the coefficients of HAZ and BMIZ by Ϫ2 (i.e., the cutoff score that defines wasting and stunting, respectively).
The effect for the 14-year-old comparison group was a non- NOTE. Wasting denotes reduced body weight for height, defined as a body-mass-index z score less than Ϫ2. Stunting denotes reduced body length in relation to a reference standard, defined as a height-for-age z score less than Ϫ2. +, weakly positive; ++, moderately positive; +++, highly positive; CI, confidence interval.
significant (
) increase in HAZ of 0.143 units. Com-P p .214 pared with 14-year-olds, 6-year-olds had a significantly greater increase, whereas the 12-year-olds had a decrease in HAZ (significantly different from that of 14-year-olds). Boys had a significantly smaller increase in HAZ than girls. Likelihood ratio tests indicated a better fit in both models mentioned above when we included HAZ and BMIZ as explanatory continuous variables and not the relevant categorical ones that would denote wasting and stunting if HAZ or BMIZ was, respectively, less than Ϫ2 SD. Table 5 contains the estimates of two 3-level hierarchical models for Hb concentrations before and after chemotherapeutic treatment, taking into account adjustment and nonadjustment for microhematuria scores. From the former model it was estimated that an overall increase of 0.092 g/dL in Hb concentration after treatment was not significant ( ). P p .146 Children with +++ microhematuria scores had significantly lower Hb concentrations (0.318 g/dL;
) than micro-P p .016 hematuria-negative children at baseline. Children who were 6, 7, 8, and 10 years old at baseline had significantly lower Hb concentrations ( , , , and , P p .024 P ! .001 P p .019 P p .008 respectively) than those who were 14 years old, after controlling for intensity of S. haematobium infection, sex, hematuria, wasting, and thinness. From the alternative model, which did not NOTE. Anemia was defined (according to World Health Organization guidelines) as a hemoglobin concentration !11.5 g/dL for children 5-11 years old and !12.0 g/dL for children 12-14 years old. Wasting denotes reduced body weight for height, defined as a body-mass-index z score less than Ϫ2. Stunting denotes reduced body length in relation to a reference standard, defined as a height-for-age z score less than Ϫ2. +, weakly positive; ++, moderately positive; +++, highly positive; CI, confidence interval.
adjust for microhematuria scores, estimates of the parameters mentioned previously remained approximately the same, but the effect of S. haematobium infection intensity became significant, such that children who were heavily infected with S. haematobium at baseline had significantly lower Hb concentrations (0.220 g/dL; ) than uninfected children. This P p .024 suggests that because the variable of microhematuria scores is related to both Hb concentration and the intensity of S. haematobium infection, 2 different causal effects of S. haematobium infection on Hb concentrations are indicated. Two-way interaction terms were also tested, but because they were not significant, they were omitted from the models presented. Also, variances in all 3 levels of the second model were higher than the corresponding ones in the first model, which implies that the microhematuria scores explain some of the variability in the studied outcome across all 3 levels of the models presented.
Finally, table 6 contains estimates from the 2-level linear multilevel model for the change in Hb concentration over the course of the period studied. This model suggested that the change varied significantly as a function of the following baseline characteristics: anemic status, +++ microhematuria score, and age. The effect for the comparison group (baseline uninfected, male, 14 years old, not anemic, negative microhematuria score, not wasted, and not stunted) was a decrease in Hb concentration of 0.128 g/dL, which was not significant ( ). P p .747 Significant increases in Hb concentration during the period studied were observed among children with anemia at baseline (increase by 1.360 g/dL [that is, 1.488-0.128 g/dL]; ) P ! .001
and among children with +++ microhematuria scores at baseline (increase by 0.233 g/dL [that is, 0.361-0.128 g/dL]; P p ). Marginally significant decreases in Hb concentration dur-.039 ing the same period were observed in children who were 12 years old at baseline; these children had a greater decrease, by 0.733 g/dL (that is, Ϫ0.605-0.128 g/dL;
), in Hb con-P p .055 centration than 14-year-old children. In addition, 9-year-old children had a significantly greater decrease in Hb concentration, by 0.847 g/dL (that is, Ϫ0.719-0.128 g/dL;
). P p .019
DISCUSSION
Among the different schistosomes infecting humans, S. haematobium is responsible for the largest number of infections. It has been estimated that, in sub-Saharan Africa, 112 million people are infected with S. haematobium, compared with 54 million infected with S. mansoni [23] . However, S. haematobium remains largely unstudied, particularly in comparison to S. mansoni, primarily because of the more demanding conditions for its laboratory maintenance. This is also reflected in the paucity of research examining the potential effectiveness of praziquantel against S. haematobium under various experimental and clinical circumstances [24] . To our knowledge, the present study represents the first longitudinal study in Africa that reports on the relationship between S. haematobium infection and its associated morbidity as a whole, by use of a uniquely detailed large data set from 16 randomly selected schools across the entire national territory of Burkina Faso. Moreover, these data have the potential to provide important evidence characterizing urinary schistosomiasis-associated morbidity, particularly in a population such as that of Burkinabé, where the prevalence of hookworms and other soil-transmitted helminthiasis is estimated to be very low. Although previous studies have tended to focus on the impact of large-scale control programs on intense transmission of S. haematobium infection with regard to Hb concentrations and anemia only (Tohon Z, Boubacar Mainassara H, Elhaj Mahamane A, et al., submitted) [25] , to parasitological measures only [26, 27] , or to S. haematobium morbidity indicators before and after treatment [28] , the present study examined all these issues together and also adjusted for potential differences in demographic characteristics as well as potential confounders.
We have demonstrated that children with anemia or children with more severe microhematuria scores at baseline had higher S. haematobium infection intensities (table 3 and figure 1 ), which suggests that heavy intensities of S. haematobium infection can be associated with anemia and hematuria. We also provide evidence that heavy infections of urinary schistosomiasis are associated with lower Hb concentrations and, as a consequence, with potential anemia, given that the models in table 5 indicate that S. haematobium infection might be associated with anemia in 2 different ways. More precisely, hematuria-which, as demonstrated previously (Tohon Z, Boubacar Mainassara H, Elhaj Mahamane A, et al., submitted) [29] , is associated with S. haematobium infection-can be an important cause of blood and iron loss, which also may lead to anemia. Our data suggest significant reductions in the prevalence and, more importantly, intensity of infection of S. haematobium as well as in the percentages of children with positive microhematuria scores 1 year after treatment (tables 2 and 3) .
The children who most benefited from anthelmintic treatment in terms of increased Hb concentration were those with anemia at baseline and those who had +++ microhematuria scores at baseline (table 6), which confirms similar findings presented elsewhere [30, 31] . The mechanisms by which treatment for S. haematobium infection allows Hb concentrations to increase in children with anemia may be the decrease in blood in urine that results from a reduction in the intensity of S. haematobium infection [32] .
Growth and nutritional status have been proposed to represent the most sensitive indicators of health in children [33] . Furthermore, one of the factors emphasized in the World Development Report 1993 is the relationship between parasitic infections and malnutrition [2] . We examined whether greater S. haematobium egg counts were associated with increased risks of wasting or stunting at baseline, adjusting for demographic characteristics and other potential predictors such as microhematuria and anemia status. The results of this study did not suggest any significant association between the risk of undernutrition and intensity of S. haematobium infection, with only age being revealed as a significant factor. Younger children tended to be less likely to be wasted or stunted than 14-yearold children, which could imply prior malnutrition in these older children, as has been reported elsewhere [1] . In the aforementioned study, the authors also reported that, in Zanzibari boys, the association between microhematuria and poor growth was only marginally significant [1] , which is in line with our findings that, in the Burkinabé children, changes in the BMIZ scores depended only on age, whereas changes in the HAZ scores depended on age and sex (table 4). A more plausible explanation for the lack of statistical association between the intensity of S. haematobium infection and stunting may relate to dropout bias toward stunted children (table 1); this means that it is difficult to make a definitive conclusion regarding the relationship between urinary schistosomiasis and stunting in our study population [34] .
Nevertheless, it must be considered that essential methodological constraints inherent in the present study design-in particular the lack of a control group, which was necessary for ethical reasons, could result in some potential bias toward the estimation of the absolute impact of the treatment, thereby allowing only the relative impact of the treatment in different groups of children to be calculated. However, even though these data were obtained from a large-scale control program and studies such as ours are generally difficult to execute in terms of design, methodology, and sampling, we believe that the results will be of substantial value in estimating the total benefit that control of schistosomiasis can provide to communities [35] .
This study shows that praziquantel can have a substantial impact on S. haematobium infection and associated disease when delivered as part of a large-scale control program in a country such as Burkina Faso, which was the first country in the WHO African Region to achieve nationwide coverage with anthelminthic drugs against 3 major neglected tropical diseases: lymphatic filariasis, schistosomiasis, and soil-transmitted helminthiasis [36] . Our findings suggest a dramatic reduction in the prevalence and intensity of S. haematobium infection, an improvement in Hb concentration in certain groups of children, and reductions in schistosome-related morbidity in a cohort of Burkinabé schoolchildren, which demonstrate that mass chemotherapy can offer a practical strategy for the control of S. haematobium infection and its associated morbidity.
